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SUMILRY

Vrder direction 01 tWe Scret: ey of Defense and in accordance with the Copper
Conservation Prograin, the development of an improved neat treated steel case for
7.62mm bill and tracer cartridges was begurt at Frankford Arsenal in 1966.

A previous 7. 62mnt steel cartrlgc-L-se Product Improvement program was con-
dted at Lake City Army Ammunition Plant and Frankford Arsenal, but was dis-
continued in 19)57 and 1960 respectively, without conclusive!y establishing a
fauctional cartridgze case. A process was established and cartridges were manu-
fitc-tred but were never tested by USATECOM1. Pa.:t efforts demonstrated though,
through manufacture of two millIEon steevl-cased cartridges at Lake City, and lesser
quantities at Frankford A rsenal, that a heat trezted 7. 62mm steel cartridge case
vwas feasible. however, iniprovcments were required in material, simplification of
process. heat treatment. surface coating, and control of quality, acceptability, and
uniformity.

'Work under the present program was ixtsed largely upon the results obtained from
earlier efforts, and resulted in a considerably-improved cartridge case, meriting
TECOM evaiuation for standardizatior.; this case was manufactured utilizing im-
proved material and simplified processing me:hods. Major changes and deletions to[ previos prccesses were made, Induction heat treating with oriented quench and a
vnirnish surfa"ce c=.ting were employed; and ops.rations such mouth and body
anneal, retaper and replug, and zinc-plate cron;.k treat were eliminated. in addi-
tioni, tooling. lubricati.on, and contrels were improved.

The present program was planned and conducted ;n. two phases. Phase I included the
evaluation of previously established processes, the examination and testing of the
componients and ammunition produced, and the acquisition and installation of the
necessary process equipment. Temporary manutacturing procedure (TAIP) 301 was
established, which specified processing methods using Republic C1025 steel, under
which developmenital quantities of cases were manufactured. Process modifications
were made to TMP 301 on a lot-by-lot basis until proof testing indicated that a
satisfactory p~rocess h.-d been obtained.

Phase 11 of the program required the p~roduction of approximately one million steel-
cased cartridges under TMP 305, usin - Sharon C1025 steel, which was b~ased upon

the modifications to 'a MP 301i found most satisfactory during Phase 1 of the program.

Cartridge case quantities for ET/ST were shipped to the specified test locations,
narvnely. APO (tests not completed); USA Infantry Board, Fort Benning (tests comn-
pletwi; USA Armor and Engineer Board, Fort Knox (tests suspended pending APG

outcome); and USA Arctic Test Center, Fort Grecly (tests completed). Official$2 TECOM statement of position is dcpdndcnt on the outcome of Engineer Tests at APG,
which have been delayed due to higher priority work.
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SinCe the start of the steel case programin 1966, supplies of copper in the free
world market have becomre more stable and-:less costly. The Copper IndustryTrade
Institute h projected'worldcopper supply over the next feW-years and has con-
pared this with projected-copper demand for the same period. Forecasts indicate
that there will be-a surplus father than.a shortage of copper in the near future; much
of this world copper however, is micd in- countries with unstable governments, and
laborproblems are a continual threat to copper supplies. As a result of this
appaiently-improving condition of-copper supplies, present plans call for coinplete

- documentation of steel-case manufacturing techniques, as developed to date, In the
event that copper again becomes scarce. Wl.ile determination of the ultimate degree

- of successoi" failure of the program rests -with ET/ST results, this report relates
the present state -of the art. of heat treated steel case development and manufacture.

PROCESS METALLURGY

In addition to routine checks of hardness, microstructure, material quality, etc.,
conducted throughout processing, two comprehensive process evaluations were made
to determine the metallurgical adequacy and suitability of the processes used.

The first of these evaluations was performed during processing under TMP 301 to
investigate the effects of different processing methods and-to predict the probable

fodtcomes of the various methods. -The evaluation is essentially a study of case lot 6,
(see Appendix A) with appropriate evaluation s of components from- other lots, whenj these components differed metallurgically from those of lot 6. It should be noted
that lot 6d was manufactured utilizing the process which was subsequently adopted
for processing of TMP 305.

The metallurgical evaluation of processing under TMP 305 shows representative
hardnesses and microstructures of sample components taken from each lot, at
successive stages of processing. Note that case lot numbers 1 thru 8 listed in the
TMP 305 evaluation bear no relationship to case lots 1 thrO 9 in TMP 301 processing.

The steels used for manufacture of the heat treated case were both of AISI grade
C1025. Manufacturer's ladle analyses and Frankford Arsenal check analyses, given
in Table I, show chemical compositions to be within AISI limits for these analyses,
respectively. Both steels were fine-grained, aluminum-killed steels having low
phosphorus and sulfur content, making them ductile and suitable for deep drawing.

2
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TABLE I

CHEMISTRY of C1025 STEEL STRIP

Manufacturer's Ladle Analysis

Manufacturer C Mn P S i Al

Republic .24 .43 .010 .022 - -

Sharon .24 .34 .010. .016 .04 -

Frankford Arsenal Check Analysis

Manlufacturer C Mn P S Si Al

Republic .22 .44 003 .021< .10 .03
Sharon .25 .35 .006 .018 -< .10 .05 -.10

META: 7URGICAL EVALUATION OF DEVELOPMENTAL CASE LOTS MANUFACTURED
FROM REPUBLIC C1025 STEEL UNDER TMP301

1. Strip. The as-received material was relatively fine grained (6 to 7) with
most of the carbides in spheroidal form (see Figures 1 and 2). The hardness is
between Rb 60-65. Prior to spheroidization, the structure of this strip consisted of
areas of pearlite and ferrite. The scattered areas of spheroidization result from
transformation of the-carbide in the pearlite from lamellar to spheroidal form.

2. Cup.

(a) As-drawn. Thc sidewalls of these cups were work hardened approx-
imately 30 points to 111) 9J. Unrcstrctcd grain Row was evident in all areas.
Following is a typical hardness pattern for this piece (all readings are Rb and are

taken at 1/8 inch intervals).

Rb 93 93
93 92

86 66 72 88

(b) Annealed (1320F). This treatment brought the hardness down to the
, level of the original strip material.

Rb 64 64
63 64

57 60 62 58

3. First draw piece.
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Lqngtudnalvie ofRepublic-Steel strip, as received. Spheroidal carbides are
not-discernable at. this magnification. It can be seen, however, that these carbides
formed only in former pearlite areas. Grain Size:. 6 to 7
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(a) As-drawn. No metallurgical defects were detected at this , stage of the

process. Tile sidewall was work hardened to Rb.96.

Rb 96 96

96 96
95 90
95 95

88 61 64 85-

(b) Annealed (1340 0 F). 'This piece was a bit harder than the strip or
annealed cup. Nevertheless, it was adequate to permit formation of the second
draw piece with little difficulty.I

Rb 66 67
66 66

4 65 66
64 66

58 60 62 66

4. Secona-draw piece.

(a) As-drawn. 'rho sidewall of this process piece was cold worked to Rb 99.
This is only one point below the finished item requirement of Rb 100 (Re 22).

Rb 99 9?
99 99
99 98
98 97
96 92

86 84
85 75 72 79

(b) Annealed (1320 F). This piece is a bit harder than the second draw piece
* after annealing.

I0) ($0 66
68 ($7
(9 68
68 ($8
68 7
64 68

72 66 68 57

5. Third draw piece.

(a) Annealed prior to third draw. This piece did not get quite as hard as the
second draw piece.

5
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Rb 85 .90
93 91
9 93 

C

:91 94-
96 94
94 93
95 94
",2 95
90 9G .

j 86 78 77 84

(b) Not annealed prior to third draw (lot 9). Some pieces were drawn with- j "
out an anneal in an attemlt- to attain the required sidewall properties without a heat
treatment. Hlowever, it appears that the spheroidized scructure had reache - Its
maximum hardness at second draw. An increase in hardness of only one point, from
Rb 99 to Rb 100 was achieved.

Rb 94 99
99 100
99 

100
100 100

99 100
95 96

91 93
99 99

88 75 78 92

This piece does not meet the sidewall requirements of the item specification.

(c) Ilardencd and tempered at 1250°F prior to third draw (lot 9).
This treatment was performed in an effort-to attainthe required properties without
necessitating heat treatment of the finished case. With this treatment, cold work is
done on a tempered martensite rather than a spheroidized structure. However, the
hardness again did not exceed Rb 100.

Rb 88 91
99 97
99 99
99 100
100 97
97 99
99 98
98 94

4 97 96

97 98
95 89 91 94

6t2



) A-._-eaed after second dr=%, beaded and body annealed (orenaratorv to
t.,rg--- after thIrd draw. The bod3 anneal is pe-icrmed by" direct flame impinge-

e=. As a rest. co-trol of the microstructure is very poor. In most instances,
the -wth area is he cad above the critical temp--ure producing a ferrite-
parldte s-rwcw rc. The s eftesit pmnt occrs just below the shoulder uhere the
effects of sprid jon are tnt destroyed (see Figures 3-5).

Rb 74

65 69
59 51S
S5 88A
33 95
9J6 96

997

9S
99 99

94 90 89 95

6. Un-b-at- r ated case (annealed prior tc third drawl.

(2) Bag# amveed orior to morirm. ThL various microstructures present
in Ktis piece ae sbown in Figures 3, 4 and 5. Figure 3 represents the as-dragon
s -de~rall in the arem left unaffected by the bedy anneai. Figure 4 represents the
softest area oa thc case, approximate!3 I 1!- inch from the base end. Spheroidiza-
tUon has been retained, the structure has been formed througf. recrystallization of
the cold-worke Sidewall Figure 5 is from the mouth area. The temperature in
this ar e xceeted the lomer critical temperature during hod3 anneal resulting in the
formatLon of pearlite &iring cooling. The existance of the soft area in the side%%all
allowed arrirkling to occur during tapering. This condition iesulted in sidevall
failures during ballistic testing. Foll(ming is a hardness pattern for this piece:

Hardness
Distance from Base (in.) 00 1800

1. s75 Rb '59 96
1.-." 79 80
1. 20 65 6S
1.000 97 94
.750 94 93
.500 92 92
.150 91 91

7i+J
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Figure 5 Ne. #52-1967 Mag: 50OX

Same as Figures 3 and 4 , but 1-78 inch from base (in mouth area). The presence
of carbide in other than the spheroidal form shows that this area exceeded the
lower critical temperature during body anneal. Ideally, this should be the softest
area of the case before tapering.
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Hardness
Base Position 00 180

A 89 89
33 90 88
C 94: 96
) 96 97

(b) No body anneal prior to taper. The iody. anneal-was not performed in
order to clixiiinate wrinklifi. The w~inkles Were successfully eliminated as were
the ballistic failu [os. - j

Hardness
Distance from Base _(in.. 01 200

1.875 96 96
1.500 95 95S1.250 94 '94"

1. 000 93 93
.750 93 '91
.500 ,92 91

.250 91 89

-Hardness

Base Position 00 1800

A 89 8
B 90 88

, C 94 96

__D 96 97

7. Heat treated case (lot 41. The following table shows the hardness pattern
of-several cases hardened by induction, and tempered at various temperatures for
75 minutes. These cases received a body anneal prior to tapering.

Distance from As Tempered 75 minutes at
Base (in.) Quenched 8000F 8500 F 8750F 900°F

1. 969 Rb 92 Rb 61 Rb 66 -- Rb 69
1.937 98 62 75 Rb 64 68
1.875 Rc 29 85 88 79 86
1.831 ...... 87 --

1.715 41 97 97 -- 93
1.675 ..... 94-
1.500 46I Re 26 Rc 24 Re 24 Re 20
1.250 51 28 26 24 23
1.000 51 28 26 24 23

10



Distance from As Tempered 75 minutes ati Base (in.) Quenched 800 F 850°F 875°F 900&F

.500 19 28 27 26 _

.250 50 29 26 26 24' Base Position

A 50 29 25 25 22
B 49 29 26 25 _2

C ,19 29 26 25 24
D 419 29 26 26 24

All of the tempered pieces fall within the hardncbs range specified on tht draaing as
shown on the graph, Figure -5. The induction coil was positioned such that it heated
directly onlN the bod) and head portions of the case. The natural conductiit% of the
material was relied upon to heat the nmouth and shoulder areas. The cycle Was such
that the critical tmperature was not exceeded in the mouth. As a result, thi_ a-ea
did not harden, and a mouth anneal (for crimping) was not necessar). Ten temper-
ing treatment was sufficient to bring the mouth %. ithin the required hardness range.

The microstrcture of the as-quenched body is shown in Figure 7. This structure
is essentially 100. martensite. The microstructure of %-arious areas of the

Ltempered body are shown in Figures 8-14. These photomicrographs illustrate the
differential effect of heat treatment. The area from the upper sidereall to the base
is essentially all tempered martensite. The shoulder and lower mouth area is a
mixture of martensite and ferrite. The open end is primari!y ferrite and spher-
oidal carbide with some areas of what appears to be pearlite. This is almost
identical to the mouth area after body anneal, heat treatment had ver Latlc effect on
this area other than to relieve the stresses introduced during tapering. Subsequent
tempering was sufficient to bring this area within the required hardness range of
R(15T) 82-86.

Hardness patterns for two heat treaL-d cases which rect Wed no bod% anneal prior to
* taper (Lot (;D) are shown below. IThesc pieces were tempered at 600°F for 75

minutes.

Hardness
No. 1 No. 2

Distance from Base (in.) 0°  1800 00 1,i0°

1. 934 lb 6 R ) 65 Rb 65 Rb 64
1.875 67 73 6S 76
1.831 70 77 72 S1
1.500 75 89 85 92
1.250 96 96 99 96
1.000 ie :0 Rc 24 Rv 31 23r .750 31 31 31 29
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Figue ge. 8-16 Mag:. l OOOX

co si t of ferrite, sp e oi a ca b d , n pr b b y p a l te -d e s

47 Ck

.. ,C,

Figure 8 Neg. #28-1967 ag: ,00X
Mouth area of tempered case, position 1 (See Figure 6 ). This microstructure
consists of ferrite, spheroidal carbide, and probably pearlite. Hardness is
Rb65, which is sufficiently soft for crimping.

r.;,

JrJ

.Ole

.LL
-tc

Figu 9 Ng. 281-967 Mag: 1. OOOX
Lower neck, position 27(See Figure 6 ). This dual microstructure consists of
ferr-ite (white) and tempered martensite. This structure is typical of a steel
held between the lower and upper temperatures prior to quench. (This area
probably did rise above the upper critical temperature, but not for long enough
%~o allow complete 'transformation to austenite).
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to ferrite. This area reached a hi gher temperature thr. oosi"tion 2.
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Fi1gure 12 Neg. #284-1967 Meg: 2.,OOOX
Middle sidewall, position 5. This structure is almost full1y martensite. Some
non-metallic inclusions in the form of stringers are visible.
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Figure 13 Neg. #285-1967 Mag: 1,000x

Lower sidewall, position 6. This area is also tempered martensite but the grains
are larger than at position 5. It appears that some undissolved carbides remain
in the matrix.
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Figure 14 eg 6l97 la:1, OOOX
Head, position 7. This structure, also tempered martensite, exists at the center
of the base or head area. This shows that the quench is adequate -all the austenite
in the case is transforming to marten-site as required.
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Hardness
No. I No.2

Distance from Base (in.) 00 180 °  00 180 °

.500 31 31 31 31

.250 31 31 31 31
Base Position

A 24 28 30 240.
B 27 30 31 28
C 28 30 31 23
D 28 29 31

The mouth area is sufficiently soft to allow crimping. However, the sidewall is
significantl. harder than that obtained with previous lots. This accounts for the
improved ballistic success achieved by this process.

METALLURGICAL EVALUATION OF CASE LOTS LANUFACTURED FROM SHARON
C1025 STEEL UNDER TMP 305

Ilardnesses and microstructures of TMP 305, lots 1 thru 8, are shown in table II
and figures 15 thru 33 respectively; with few exceptions, hardness patterns are
included for each process piece in these lots. The microstructures were obtained
from lot-4 pieces; photographs from other lots are not included since all lots are
essentially identical.

1. Strip (Figures 15 and 16) - The first 20 Sharon steel coils used for this
program were, in general, harder than the Republic steel strip used for TMP 301.
The ranges obtained for these coils (excluding 4, 5, and G) are shown belo- (range
of five readings):

Hardness of Sharon Steel Strip

Coil No. Hardness (RB) Coil No. Hardness (RB) Coil No. Hardness (RB)

1 64 - 69 10 66 - 67 15 70-71
2 67- 69 11 65- 66 17 67-68
3 67 - 70 12 64 -65 18 70 - 72
7 65 - 67 13 65 -66 19 69 -70
8 65 - 6Q 14 66- 67 20 65
9 64 - 67 15 67 - 69

2. Cut) (Figures 17 and 18) - The hardness of the sidewalls. as drawn, ranged
from the low-to-mid 90's RB. The bases exhibited very little increase over the strip
hardness. After annealing, the sidewalls, with the excep'ion of lots 7 and 8, were
in the mid-to-upper GO's RB . Lots 7 and 8 were in the low 60's RB. The microstruc-
ture of an a'-nealed cup shows that a relativel3 equiaxed ferrite matrix existed in both
the sidewall and the base. (Since our primary interest was the condition of the process

18
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Figure 18 Neg. .iI-iQ67 Mag: 500X
Ease of annealed cup sho-ing equiaxed ferrite. Hardness Rb 62-72.
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piece prior to subsequent forming, microstructures for the cups, first-draw pieces,and second-draw pieces were obtained in the annealed condition only).

3. First Draw Piece (Figures 19 and 20) - The sidewalls of the first-draw pieces
were worked to hardnesses in the mid 90's RB. After annealing, the sidewalls ranged
in the mid 60's RB, with the exception of lots 1 and 2. Based on 1-piece samples, lot
2 sidewalls were up over !tB 70, and lot 1 exhibited a reading of RB 82; this was prob-
ably caused by improper annealing, but produced no excessive difficulties at second
draw. The microstructure is essentially equiaxed ferrite and spheroidal carbide.
The only evidence of previous working is in the longitudinal pattern of the carbides.

4. Second Draw Piece (Figures 21 and 22) - Second-draw piece sidewalls were
worked to the hardness range RB 94-101; after annealing, they exhibited hardnesses in
the range RB 60-69. The microstructure of the annealed piece is again equiaxed
ferrite and spheroidal carbide.

5. Headed Piece (Figures 23, 24 and 25) - The hardness table (Table II) shows the
condition of the third-draw piece in both the as-drawn and the headed condition. During
the drawing operation, the sidewall was worked to a hardness of RB 87-97. (Ignore
the 2 1/4 and 2 1/2 inch positions since this material is removed at trimming). During
heading, the head is hardened approximately 15 points RB; the sidewall remained un-
changed. The photomicrograph shows the sidewall in the cold-worked condition. The
photomicrograph of the base was taken from a relatively unworked area. The cold
shuts present on the internal radius do not represent a serious condition; cold shuts
of this magnitude were present in all eight lots.

6. Tapered Case - These pieces were not body annealed prior to tapering; a slight
hardness increase was noted in the mouth area.

7. Hardened Case (Figures 26 to 29) - All lots exhibited as-quenched hardnesses of
RC 50 or greater in the sidewall region. Head hardnesses, in general, ranged from
RC 46 to 50, indicating that this area was being quenched out, while the mouth area
remained relatively soft. The microstructure of the sidewall and head is essentially
untempered martensite, although some high-temperature transformation product,
probably pearlite, is visible at the grain boundaries in the head area. The shoulder

area contains a mixed structure of martensite and ferrite, indicating that transforma-
tion was not completed prior to quench. The mouth area is completely untransformed.
The relatively fine-grained structure is the result of annealing the cold-worked structure
produced during tapering.

8. Tempered Case (Figures :10 to 33) - Except for lots 1 and 6, the sidewall and
head hardnesses of all cases are within the desired range (RC 22 to 28). The RC 31
exhibited by cases from lots I and 6 was probably the result of a short tempering time
or low temperature. The mouth hardncsses of most cases were below the desired range
of RB 65 to 78; this did not cause any problem since the mouth is hardened somewhat
during crimping. The microstructures of the base and sidewall arc essentially tempered
martensitc. The shoulder area consists of tempered marteiisite and ferrite. The
mouth area is ferrite, along with spheroidal carbides remaining from the original strip

Vi material. 21
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Figure 19 Neg. #2242-1967 Ilag: 50X
Middle sidewall1 of annealed first draw piece showing equlaxed ferrite and
spheroidal carbide. Hardness Rb 62-68.
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Figure 20 Ne . #223-1967 Mag: 50OXBase swl of annealed first draw piece showing equiaxed ferrte andodlcri.
shriacaid.Hardness Rb 67-65. 22 ,v,.,
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Figure 20 Neg. #2243-1967Ma : OOBase of annealed first draw piece sh ing equjaxed ferrite and spheroidal carbide.
Hardness Rb 67-75.
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Figure 27 Neg. hQ !4-1,067 iMag: 500X
Body-shoulder junction of hardened case showing untempored martensite and
ferrite. Hardness Rc 47-54.
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Figure 28 Neg. #'922-967 Meg: 500OX
Mid-sidewall region of hardened case showing untem~pered martensite. Hardness
Re 52-54.
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Figure 29 Neg. #2981-1967 Mag: 50OX
Head of hardened case showing unternpered martensite. Hardness Rc 49-50.
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Figure 30 Neg. #2978-1967 Mag: 50OX
Neck of tempered case. Microstructure contains ferrite along with spheroidal
carbides carried over from the original strip material. Hardness Rb 64-65.
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Figure 31 Neg. #2980-1967 Mag: 500X
Body-shoulder junction of tempered case showing tempered martensite and ferrite.j Hardness Rb 83-95. - .~ !
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Figure 32 a:5X
Midsidwal reionof empredcae showing tempered martensite. Hardness Rc 26.
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Figure 33 Neg. #2277-1967 Mag:- 50OX
Head of tempered case showing tempered martensite. Hardness Rc 24-26.

K2



'~U as C% Oft f- -: C.r . -4I~ ~~t o'~ -. 'o T1''lDf TO C)I '?'
eo) m, ., C -- I'l C) C c uti ~~i LnjA &n %n 0' &n %1. 1oo-OCI0 4 N C.0Ch %D

tc c 0cIICje ceejC4O O r'I0o ' o- C- *'1% o
a G, o r- r-NO' C7.o D% Vl ' C% c4* 0 0% r- r

o .-. T0.

r- CI atCl%
C)L C33 '; .CVx C acl n11

ii
or U C. 0' -D03u0 C N %C -r

-- 14 l C(4 f144'TC1C- %

-3r 0% % MS D0I-t-1 NC 10Col . *o

C14

-4 c-
4444

0 .00I 1 ,C nr 01o 4r n- e
4.: oC. Ct- %

to,

03



i:~~~ca A~ ~ b

-~A a, e- evu czr *It .- - u ~ ?- Z ~ N. '. Ca ~ ~ J~ t41~in

Pit'. ~' C'0 ~ C .C ~ 0 ~ C .''

~.O : c~..:.c C.-~~ '-if.-U'.: V~.. C ~ f-C"U it-.C cc

9M Cu c Z

-r- - - 03. ~ %0 Ic

~& rc 4m W~ %M. zL r...r .0 ' 0 0

-~~ .ro. A ' . rc~ . -0 A CS -M @0 . 0 0 C '. 'C

CCc

.. ~ ~ ~ ~ ~ ~ C 0.i- '- C. '0 ck '~ 111' -. C -40' C 

-'~ =;. S A - p owt-2'0

mr.- CD--n )

-v --

CjCA 'et, - i~-

Cv cc

-'. -
-

fh ...

S.- 31



cx W% w% wb m~t to c *-a ~ e E.

- EIWWI tO 00

4a0 4= P0 Ke c D D. ' wn ww lWIC Wh wwa 0.0000 40 I
li C0s 04 c'. --4. rk3 ft ;ft m -C - Wstt Cw

V.. 35 0-Cc V=cma =CAK M w bba n
ca a a; ot l El. Job I' 9-£ .0 Im cc olC 4 kC

wI m t- maga-cas cz - c3cc c tri- -c' -a AllZ. Cp.c4 C3333 CP m U :1 3 a-=3 VU-33 CW3333 h q % n- w
a -: an. u -a -cm ee~0 C -c~r~-C U CC

CD CM CM 01- CU CD% &;KC r-:lL = C

C). 0' C C0 .-0.CV - CK W- %, -C 49% -C -C l l ~
cx~~~~~~~~~i~ eU UU a~ 'a aC a0G It if- U-u'lcc ~ c0x It axc

an 1 -a 6=
c. -k r- 04 -oftC' am~~00 000cca&0

ip CA Ch CPAI0 Ch.' EIli'C % Wb - 4 C

0O .' .0 .N .-U mU ioU- 'GEl 0. . . U-0 '

~~~ro~~~a -: ELI Wl e.vN-0.I' ~ 0
C crv --K 0.0. Wx -' =a l lE

UN 33333 U ~-3 3 .3 3 3 3 3

cxcc xt 00 T0 lE E' C. C '
5. 0 ~0 ' E l U ~UNE .. 0' E l'

CA CA

W~0.~~-'~0El-~c3'E-0 ~ '*---.U lw 32'.~.''~- ~~00



cj Cl l C 0 - S
41 '1 a a aa

to '0ciacdcC cA Cd4c'ac

-31 I-Qf % C j- C-4 VC Cd Cd0 C'-~

t' -C

to r cz dc C%9 ', C-CdC '

-'C -C- -a

UUr -c;* oci c Ck:CSa

~n W
-20Co wCea ca I'.. '3C oc

5g Io CC cv CC a4CC

a a0 Ia
ZI-N -0 IC9 ON cc~ "I '~3 '-.*cv

L- C* ~.caCCIO cm'C C C ccCC

- ~ ~ ~ ~ c C4 C.-2~- C a , a

'- c ciCD cq CW co ro: oC

40



POQdESSING

This section, suimmiarizes, with a brief description, teach operation, performed to pro-
duce rheat treated stcel cases according to TMP,305,, at the ponclusion of pilot pro-
duction.

Procedures id-equipment, specified b~re current as of this writing. Hfowever, equio-
ment-and process improvement studies, are- continuing,, particularly in the areas, of
extrusion, induction heat-treati-ng;, iron Ohosphating, and~surface finishing. Mofrtis
are being made to improve both-the-quality and efficiency of these operations, which
at-present have not been developed to thc state necessary forcontinuous high -volumeV
production.

Trable III presents, in colunfr'form,, a process comnparison between the Frankford
A rsenal- heat t reatedl steal -case proceess, the former'Frankford Arsenal and LCAAP
steel case process, used from. 1954I to 1960, and the present brass-case process used'
by Lhe GOCO plants. Identical operations, e. g. , first draw, second draw, 'head, etc.,
are aligned horizontzilly.
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Blank and Cup - Blanking and cupping %%ere performed at Frankford Arsenal for the
production of approximately 1, 200, 000 7. 62MM steel cases processed under TMP
301 and TMP 305. An additional 40, 000 cups were produced for fabrication into cold-
worked 7. 62MM steel cases. The cups used in both processes are identical.

The press used foi blanking and cupping was a Bliss t6 double acting press, equipped
with twin flywheels, operating at approximately 90 strokes/min. The die set used
%% ith this press contained five stations, allowing up to 5 cups to be formed by each
press stroke. A single blank and cup die was used at each station for completely
forming the cup; no sizing die was employed.

Blanking and cupping crc accomplished using oiled steel strip as received from the
steel supplier, without the benefit of a zinc phosphate coating. A trial run was per-
formed by wiping DuPont "Vydax" on the strip before blanking, which appeared to
lessen the force required for cupping, this approach was never fully exploited due to
the volatilitN of the Vydax solvent. It %as felt that installation of the required ventil-
ation equipment would be too costly for the advantages gained.

Lubrication of the unphosphated strip proved to be a continuing problem to %%hich a
completely satisfactory solution %as never found. Lubro 44, manufactured by G.
Whitfield Richards Company, pre red to be the most effective coolant solution tried,
particularly vuhen mixed % ith Lubri-Cool, manufactured by Lord Laboratories,
Detroit, Mich., in the amount of 1 pound of Lubri-Cool to 55 gallons of Lubro 44
solution. In production, a coolant concentration of 1 part Lubro 44 to 1-1./2 parts
water was found to be most satisfactory.

Coolant solution was applied to the tools using a pump-fed circulating system installed
on the press. Streams of lubricant were directed onto the top of the stripper plate to
achieve a puddling effect on the upper surface of the strip. In addition, streams of
lubricant were also directed onto the underside of the strip, between the strip and
the die block. With both of these methods however, coolant-flow into the dies ceases
as the blanking punch brings the bottom surface of the strip into contact with the top
surface of the die.

Due to the lack of a sizing die, injection of coolant thru a lube ring located belou the
blank and cup die was precluded. Consideration was given to the use of jets to direct
lubricant upward into th-- (lie under pr-.sure, but this was never attempted, due to
the high viscosity of the coolant solution which requires the use of relatively large-
diameter tubing to deliver a sufficient quantity of lubricant to the dies.

Various coatings were applied to the dies to reduce die pickup. Uncoated chrome-
plated dies were able to be run for approximately 1,000 pieces before pickup reached
an intolerablt ,evcl. Rate of pickup %as reduced with the use of manganese phosphated
dies coated with Surf-Cotc M1284, a matrix-bonded solid film lubricant manufactured
by Hlohman Plating and Manufacturing Company, Dayton, Ohio, use of this lubricant,

qualified under MIL-L-8937. extended the interval between polishings of dies to
approximately 8, 000 pieces. 4
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Die life, using a mixture of Lubro 44 and Lubri--Cool, with uncoated dies manufac-
tured from PS-WI-10 or FS-WI-12 steel, -is estimated to be approximately 25, 000A

pieces.

In an effort to determine the effects of zic phosphate coating-of the strip on-blanking
and cupping, 32 straps, each seven feet in length, were cut from a coi;l of steel and
phosphate coated, thebe -Aripis, containing appruxtmatueb 4, 000 pieces, were processed
with comparative caste - uost problems were elinminated, and tool lift. and production
rate were increased. A proces %%as also tried wherein partially -formed cups were
miade from unphosphated strips. The partial forming was perfor-med with a blank and
cup press w about iroraing. minimizing the friction between the cup and cupping die.

The partially-formed cups were to be phosphated and lubed, and final-formed on a
modified first-draw press. The process was never carried to comple--ion due to tight
plotproduction, scheduling, but resut apeared promising for further development.

Wash And Rust Prevent, - Follow ing, the blank and cup operation, the cups were washed
to remove all traces of dirt and lubricant and thereb% prevenE the formation of any
residue on the pieces during annealing. The rust preventi. e. consisting of a final
rinse in potassiumn dichromate bolution, rztards rust forzr.41,ion during short. perA'.ds
of storage, and does not require remoival prior to annealing.

I iwo methods were used t., perform this operation, the first method, which is prefer-
rrd, utilize., a Baird iilsnable4iarrel rotary %asher. The pieces are introduced
into the rotary barrel and rumbled without, water tor with a slight amnount, if cups
contain dried lubricant) to remove any burrs produced at the blank, and cup operation.
The tumbling action produced b3 the baffles % ithin the barrel removes the shaqp edges
from the cups and facilitates feeding to the first-drau press. The baffles nr the rotar%
barrel of the %%asher are positioned such that rotation of the barrel in a clochawise
direction pernmits dranagc of the solution, rotation in a countercluckmist direcion.
retains the solution, both cleaning and rist preventive solduonb are added manua::i.

The second rsethod of performing the wash-and-rust present operation utilizes a
Niagara washer, this method lacks the rumbling action oi the Baird washer. SeiCraOl

btonly as an emergelc3 measure to maintain p -odtiction seheduies. 'No serious

diffculieswer enounere atfirst draw due to the pres ence of burrs on the cups.
Th;,.j _datgt fteNagr washer are its dr3ing section, Shich aids in rust

The Niagara %asher uses a rotating barrel %.ith an augur to transfer th%: pieces from
qoth M.lutiori to the next. *rhe work is carried in the barrel above the solution surface,
scoops built into the external surfacte of the barrel raise the solution into the barrel,
immersing the pieces, thte solution drains hack into the holding rebervoir thru holes
in the barrel.



An~neal for First Draw -In all lots of Leat treated cases, the cups were annealed in a
Lindberg furnace prior to first draw. The purpose of this anneal is to reform the
relati~ Cl) -cLi~axed grain structure pretsent in the original steel strip, thereby in-
creasing the du.ctflity of the material and rendering it more suitable for additional
forming.

TAMP 3101 required a hardness of RB46-55 on the outer sidewall 1/16" above the
junction of base and sidewall (nut 1/16G" from inside base, as stated in the TIMP),jduring porocessing, at %a-s discovered that the Lin~dberg fairnace, using the miaximnum
heain and cooling timu.s available, %ould not deliver this hardness - the minimum
hardness obtainable was approximately RB 59-62 at the specified position. Actually,
this nmaterial wa., probabi) incaprable of being arnealed to RB 4-55 by an) conventional

annealing e~cle. Processing wah satisfactory at this hardness, and T-NP 303 sub-
sequently specified a slightly higher hardness of RB 65 max,

The furnace used for anntealing "as a 3-zone rotary retort-typu furnace utilizing a
carbon nunoxade atmai.,phure tit. pre% cat oxidatiors uf tht components during heating

andl cooling. The tenipierature within the retort is controlled b% zones. entran~e. I
c,-nter. aind discharge. ho ring the annealing c3cle. _2ll 4ones were maintained at

1320I Meii to heat lo.s, thru the wvall of the retort, the temperature of the pieces
is maintained at IA290 0 F.
Phuimphate Cuat and Lubrio-alts - Foluwing. annealing, t pieces were cleaned, pickled,

zinc phosphated. and lubricated.
The machine used to perform this operation was a 2-section, rotary -cylinder type
machine manufactu red b) N. riansohoff, Inc. The -.ariaus cleaning and coating

.lutios are maintained at the proper temperatures until ready for use, %hen ihe%
aepumped into the first section of the rotary cylinder containing the nork. Upon

the second section of the ratarv cylinder, containing the lubricant solution, bi re-
versal of the direction of rotation of the drum.

The first stage of the phosphate coat and lubr~cate operation consists of a cleaning
treatment in alkaline solution to remove grease, oil and similar foreign matter, this
is followed lby a hot water rinse.

Apickle stage follous. using hut sulfuric acid solution to remove an) oxidation and
scale forncui (luring annevaling, and tso etch the surface siightli to pros ide a suriace
tnwhich the zinc phosphaute %ill adhere. Pickling is follo% ed by a cold-,%%ater rinse.

The zinc-phosphate coating is the last operation performed in the first section of the
rotary druri. The coating used was Bonderite I LOX, which is an adherent coating

e.,d to retain the lubricant film during~ subsequent forming operations. A cold-%water
rnse follows the zinc phosphate application.
Following phosphating, the pieces are transferred to the second section of the rotary

drum -.%here the lubricant coating is applied, the lubricating compound used was
Bonerlb-235. The lubricant and the zinc phosphate must be purchased from the

FistDaw-Th______w prain a performed on the annealed cups using a
Blis 96 dupex)ress with a 3-inch stroke, producing four pieces per stroke (2
piees achsid).A-, with all dIrawing operations, two dies, top and~ bottom, were

usedto ormthemeta', these were used in conjunction with a guidt. ring and a stripper,

used.42



jingo d no&-, e~ i ~mi3 ,aw

'Ax ms isA cteL%,-Mos- a" -; vP'w PU*IVM CS~ a*L rks mgm w is d I

to dam of Us ek3imw oprgm EAmm -,zdeq wtt eu

-~: Cst:. 11C. abcaS =ri~ &Usk.m = die s~ ed=m

F:- A~m3 for Stowmig Drxx - Thiw pma*&ie =a ~ r.z tj,, c~ma

T)IP w~ mkb ogama 7sc 4S-. 2z 2

Ia=wb 2:0 a mx W~n~uis (M1 =mu twczl mwre i=MAy aE

Fbvsobx Lzn=" - Tss4o= Ls infc Itdo raTbe ;bw-~ c=z xz-d

E~~bricaiev~b zpzuic c=rc~i liuw i=*&j~

ixorporazta gp rL top &C. Eshe -ig bm== dLw.~ :4s#7wT

CI=j rO I~uL panch 2uj4 iio the ie sti. an fmc= tie LZ~ rxg rced beweem zbe p
ap-cm dies; itws foi.. "- pao ~tr
of cooha to Ume lube rbog to pimmmi Uhiag of tee &es, a_ -

- scrxching ofwok.

The componzc1- w~ere 'r.0t the drMWi Pr-ess by acim s e a rourv 9= iee ow~ed&
hby =n afir-opevated tizrnorr to, pmpeey ornea m pece ted GPL agum ffrom e

ter.Flexible Wbcswee cusedtoccwey :he p.-cces from :be imertfwtac-
lna~ted ona tOw f;es-"fc pieces 2re pcs!hed 2locg the ffeed trncks br =e2--s of zc

il-erale eanr wihmuech pieceto &-op b ~ :y -mo thre g~z& ig

prir U th Ox&mwp~--



* a at Err '- IUS ~ft is iaica 3TW

~ Thu y ~T1P 301e,.o e mi&s ~&mcb~s ite =x**- ~ &i

a vztm Im *4 St 4M *as f I p =Q

COW =7o~~4 U~lgic - Tun .getgruia a iatmca be fle p&.cauf to

Iir~n -h-xsbetvuqsxsxw to t* n jar jw was tta16r

si Lke&w ~dN izsvwt czh dr fexde E.&L ~ d-&a ~v- upo sttakir,
ac s *z t- CGk=3 drxw cmapw v u e vce&m cr

~~~&i ugems. wl- a ect d i c. a

t awi .prv= -vks"ae I pu%.0 ~msina L=

-itcap* rsc i k 0!t i W1 uc rst E ~cwC

i Head =A Idmziatw - At t cj=w th bmve b ~d :2-,.=d
arcm foi~cd. All prcss~ of bcl flrcvitd e~scs ci~izc f~ -c s'r e

tedqe'och

CIO4



I

-- I

i I... - .. -

- - -

-- "-

'I U

.. . . . . . ... .. *
* III fl



The macbini_ used for heading uzs a (_-towborizonital cran#-aral-toggo press manu-
hwwtued-&i Jarecki -Alacice Company, having a cik_ strvke of 8 112" (poce~kei puzacb),

2n a oWle s1Lro- of 7 T/$S" (eject stem). Feed %-as by means of a pin hoppder; an
automalic knoceWf device- actwited b3 a limii switch on the feed !nechanisn. stooped

* A 2ptcm- hBcnvn p~r2 %-as used thra~t he program because of difficuties;fo=ce ~inr -pwc Vcchc, -this intodvs fwznd:saisfbcory. aihougb
x-ruk-ced a sI~g~ buzrr aliube Surnc ooa of privrer jiocke, and head surface - thus burr

zas sujcevl!p me~owvd bj the a&5c.ron of. abrrizg- uation at the ve~ling Wpration.4
Fo tzv Prode=tio. iti s mzt.-.cd ttat I -piee fxad&ng pae- PT 101,-J he
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a. At ihe burr station a knockoff device As' actizated in the- erez1 ibt a case failedj to, fe~-d0int6 the maciie. ttos -r-eofdvc

b. At both the- first-and-second n-et eetfain.akokf -ieu2
actuated in the event tlhat a case was produced wiath no venibo!e, 3n_ e~ce: trm remL-
holc or with foreign matter ir. die pockcL-

As :mtated in the &'scriplum of the hca' wipratimn, Lfw b,--er s etz- ncurporated- s the
vent-an~d deburr operation may be elirarsnatixf when a I-o:ece hmbgpzem is

that a horizontal crank. : ingc-purcb :ares~s n*-factored by Derbyshire 1!achmne

faster but, is uznable to acammae Lmihc wenuing pumch aw'~ tic debarr p~b

.Tx--r and P!~ - The e-atA .eration mas pierformned on a vemtcal 6=W~e-
action crack ress, fLss nnuel 162.. Time care-ss uiizes, a rear-a mx~ tbe
to feed th* pices to ceb sueccssztage' of tl-opzcrm.rton.

tM301O an-4Tm! Pbb t~~~1~"oe & aper in %Lich och, Oce taerg LZ', sta!
ma~ 3--set-I - 11uas. t!he a*c n thEC mqoao CDCn-:*ed of mas _'th n m !xr. --,= p..
Thc warla pru&ced Lb* this inevIbmL %as aeoi ~hu o-.L I zad

merec~n rctonrv tosia damcmzkvts.an

iiido frojmra p~~i:"&fcs
of b ;-zprdcs ronc- to ... raso ig thss s&e-z r nckd he "rmof or
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Wilb 0thc prcessrag of Io& O~4 uLndC! T.MP ZOI. the badt, =-mlm and coci~m

of lts rxa 112b Gd camti~t4ci cfxors44" ti =! tE a rr-i aiiCE; xas oecrr&ng

tEn ;4 bet s p.~ei X;:-v a ~ c b*ow the sbull; mr the G er 5&-aiL;
Xwfexa did rok psesuf~ick.-rA -. cnj~h to :c-sisizt c tK4,jr~ LL-mce5 er tc'22pcd

to the shmzi~we and mek. gr-d %aas a~ ne rr!4r.~ thus %as 02--eioi b% re-
mn-mg the tanmash mast frw,~ tht &g-nx- sid-mal of a s:;! ese after fir3r - the

- j~imkc the lxcn*'x nmadi.N 5: 2zsil. Tbnis samc . ehc~od was Lc as a %22ecx. o6
JpMC-Si n' A2t tBhe t=WVcrl-Vi-~UA 4*C,4.L4 tOA_-X frC~dV= m~ L o"£S Zn! wnanmes
in tMe nck. zhcdr rA upm-bl& Arca~s. Thc catsc tko be cxmzed %zis rotated
in a kpim- wad wh~!i fir C ere.c~iAh mzts W~d agalmz. tbe 2irea- -e~ tv exazincd-

in tiis izanner, =dmtirrIcs, wer-iiz-cazed by r=Ashed areas.
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(u-ench flhttkn - 1l!'zdems of tbe finisahed ca*46 is achieved ky miens of an induction
beaungcq,-e foliried by a nmouth-down oriented O~erich in causutc soda solution.
IHigh-fruency alterng current is supplied.-to heinduction coil by neans of a
10,000O lix motr-generator set- .

Cases to be tzardee are We from fbur hoppers-thiti flexible tubes to an inverting-
Meha--sm. An ejctcn devwice ca-uses anY cases fed to.the inverter upside. down to
twe rejecc-fi Te mi Wertcir by means of a !"ferris wheel"., inverts the cases before
imasfcrrwg- them in.outh-down to an aradexi.Lg -tafile. The cases are haeld vertically in
trinsxde tase carrzt-rs: atta ched to the indexing table -as tlle5 are passec transverse."
beat~aes~ thec coils of the hezaln;;' fixtu rc by the rotation of the tmble.

Tfxe-rnngncU tL Ied-prtx-vi y the iralucion cml lifts the caties ssag iq te.rapsite
hl~ders ctJ thicy are ic by a pe~feIi lctdsrpof nonwragnezic material-

Tield. wruch unh* tbepecrature to app oirrately I7MOI, for I! seconids. The
cecL =nd s-Oxwtder of :he case pnot=&~ be-lom 1he c..,iI 3mdar heateil only by the weitker
(seld eLsujnz bekoa the coz] azA y cwxkfuction P'omn the hotter portzon of the case -

tas- Pasitsoced. !he head and side-A-ll of the c--,c ae located -within the alternating,t ~forimton to =artensite. rc-ulung inLw:hrn e nteeareas (see 'Iletallargr'
sction of this r qport).

FoI!6*:nM the qamgcldc. a. raire pLzte ize tzzrnsitc carriers. :s it~trmal
i ~ ~ 3A:I he case_,;. assised b% an aarblast. t~fhllz~~ nv into fogr-tabes leadigh
I to th causzt. qcch -ohaton, a a zrc-mesh cai~qy-ur ihen transfers the cuencWedcasesj from 6he qquech soctico into a truck- for farther jncacessing.

ITiv : arjlc drrxing-LabIc' dri s. 6):h a=r-operated. waere tried d&xir- pilot pro-
5£ _Ln 4n'!ecl cases - I~h Wcrc opicraed Ist a.. p ewrztic ctlinder op.aigtr

a le~~tp ~~g ocated berneath the ir Lngtab~, problems Were C!1-
ertereti zAt~~h a these drives. ikat from the carzdge cse and the effc of1

chcmncaa6 in :h- ' ' -i'h sa~uhton causicd ;ubr-Icans; to becomne ia&ef-tveriesl
to. corrode, and f.,-on L; ncrezse, -re.sul-ting .-n err-atic --pertfon-nnwWinaccurate

- sitioning-Of the iaixngtable-

At thAe present time. an Oicitric dravc 16 being irnstalled bu.t has cot. as vet been teszcd
Drive is by nPcams of -:!_ e.. cctrs. noluz and a poatve-sop zxaZSmiss~oa located above

able bv means of arx SCR ciLcuIL- A rnagnez:-c clutc oncects -!be eetritc Mo- to the
jtransmission. providirg instant sae-.-nd-stop capability.

A banulated faring test. as prforxn#_d Ar. %hich iO tstecl caties Amprvu erI3 heattreated
hcad dwan, rather than ntuh tlIrn wcrc assembled .rMO ceri~es =nd fired in an

* M7t achino-gun. l~-)c- effortsL arnd 4ontrul's to-assurc proper Positioning, it was-
rctygnitd thA am rcc heat ll t..ec as this ~Aas a ~xsiit.Case casaal,.

* ~~ties included twio stoplagus, It) Moran ,rimmcrs, 70I large primer eaz bn -~o sin-a!!
I-splits, all of which %cmr attributed to the suft heads, andA excess.el), hard inoLtihs
and necks which resulted.
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:Due to the cetremc hardness produced by the quench-bardun operation, it,_I nadvisa-
ble to store the eases lorger thaiinecessrfolin isorao. Recommended
Xime pericod for storage lprioar to the ternper 9peratton is two -hourssnaximum. During
;k-single-shift production schedule. as followed in-,pilot production, St *as found difficult
to perform the, quench -harden; wash, rust preventive rirse,6 and dry; and temper op -
erations within one ti-hour shift. Thus. the following-fime schedule was substituted:j all vseis quench htardened before noon wcrc tempered the same day; all cases quench

Ihatded in-[be afternoon wereltempered beo re noon'the followingday.

AVUiS2. Rtust Vruvintiye Rinse. and D~ry - This operation is Identical to--the -wash. rust,
pre, Eventnnse. jand dry operaition following first-driw.

- Temrper Thu temapering operation is pcrformti on a bateh-basis in an electric furnace
having eacua~v airatn mo.4pherc. The interior of the furnace is raised to S000 F.

and the-work". ismaintained at 0:avieniqerature-for 75-minutes.

Duaring develtilizuent. TMPrldffrn.tmer--uie and temperatures were tried
_before the above wvas adixted. M a-il iot Lid uas tempered at; SO0 0 F for 75 minutes.

- I TTMP 3s05 lots 2-5 and 7 -6 were tempercd'atS5O0 F for 73 n5 uesr odr ht l
sidewall hairdness could bc reduced so aicdc~ itii the desired gradienL- With pro-I ciessing.of TU1P 205 la, 9, tempqr~ng was again perform~eda. S00OF, for 7.5 minutes,
since the ease mouth was beconving excessive3 soft. Final-case hairdness, is dc-ter-I imned bQ~b 6%- the quench-harden opcr;#ion-. and by the temiper operation. Thus,
adjusinerst-i in temperip.- tame -?zdo .* be recurrcd '=-"ce
recoMmended iishcd-caso- hardness - radient, depending on. lot-to-lot variations
-ihIardeaed-and-quencvhed case hardness.

-rj 1opbac The -irop pjhoiphatmAL, opration, coI iuz -of sevral sprate
operaions utiliz-nga scr.cs ofta "--k. %as perferined to clean and etch the cases and

I provide a Vbase vion which te apply the vrarnish coatin~g.

Th-ices waere gplaced in a roating jerforated riyloa barrel suspended 11roni a hoist,
suc dUfltat the bzarrel cauld fbe immersecd in each solution-tank for tlhe required timeC
interval and then withdr-awi.

- 1I is pchrtcuLarly importar4. that. utmost carc be taken so assure sztisr~ctor% results at
th&N, stage oflprocessims &ce to the nLIk~u for ieade corrosion protection off the finishned
ca:sc. poior tion phospintz applicatson precludes proper %rarnishing. Specification
TT-OC00491)a (Army MRt) siauid be consulted for test procedures.

The al"=arance of he iron pho_' ;ate vaating de-.osits must be coitazouzs, and the
coating inust be uniforrm in textu.re aud evenly~ &-posited. The coating miust be golden
yellow- to purple in color- There sbill be no simt, powdcr, corrosion products. or
white stair~s due to dried phosphating solutions-



Varnish - Varni. ingwaz. performed using a centrifuge-type varnishing machine,
manufactured by3 Ronei. In operation, the iron-phos phate-d _case s are placed~iln

varnishing ranhksowlueh are -ihserted one at a time,.into the varnish machine. rne
cases. are first immersed in varnish for approximately one minute, and are iben spun
fo~r approximately one minute to eemoV,(:exce__- ,a:s.The varnish-,removed drainsbac'k- to the va0rnish rescrvir in the mchine.

T:he phenolic" varnish teed is parcha-se in accor dance with MIL-V-1227G. Type 111,
Clas. -B. -Varn-.ish vx-o . ty-at roomn temperature must be 2ax to "00 seeonls-, ahn

2 cup. for proper applic-dtin.

fitcause of the amount of timc. and labetr invoivel in appLying the %-arnisll using the
RItfic machine., largcp-uajpacsty prixiuction t)pc frachino %as designed and procured
in 1.,9GO to perform-.the %-arnishiag.and curing oper~ations on a continuous basis. The
machine uizd a serm% of pm, w-hch were laded manuall3 and conveyed the ases 7

through %rarnish, drain, cure, and eject St.atiorZ. -Provis ions were also made for
stiripping th xesv ih-fror. the conveyor pins-priqr to reloading,

The nmachine %-a tested ,bsk- --iamp! L c~se. Varnish apphcau~on w" : sitifacor3.
aithough-strqjpj ;of cured %.rnish from-th4,c -~ o~~.:. l ~t accompl.-shed

-_ satisihctority. U; s of the machinewa consecuentiy disconiued 1

Varnish Cure - Thearnshe cfse ar allowed to dri follg-tn arnishing ntithe arnish ys air drcil,ti noront drte. The racked cases are then phccled into

a- C rich o-nwhrc h1*c arc.-:red on.t a09 za t iFt tme anish ncrfh-r a
minimur of 20. nute. Tol Esme n the over s. O-to vr5 n ish -rl, mo acLdmg ihe
tibce require for the o ien to reach operating tem e.nture.

The color ofrhe cured caes tvchua.sed in a genera! check o the v--7 G.uring opra-
7go.. Poperlo-cured case owere unihrml. dar. green i aFpearance, a ippear-
ance indicated incompete curing. dad broiu .davel.in axpplyi h hag-huring tem-
pcratu re -- UAh of these latter conditions huld heavoided.

The fo!!in- teo t prr deth sed to h , . for complete curnac T oree casc s from the

batch to be ftczed were of mn.er.se ahch ereoed i; nual a corn e ed t ea
Shriharton O-a-51, fora perd of ec nmutcs. Or remova fr alho acefone,
the s-ample cases were rubsh vf oroum-,- with the tumb, hand, or sitabN e wgpin

aterial. andvisualiv imspected for iseucncc of lifting, W.*ster~ng, or softnng of
the tarnish. In the eventM L th s ani a;,c. Ths failed oe - r the el d er~ton

-~ Gcr~c oe ce-Ic~arclue :ase~~ -.s IOP ( c ceon imeso

test, the group of cases was rTturn t i the oven for additional curing. dgt

A1 rmesh thicknebs, a e-v ied by drating DX 15t24-2, is 0. (,2 to 0. te"Va mizh

thick.-sus is, nicasure.d in accordance &it% Specifcation TT- --0, 45 tarzr.% A!P.). Salt .
sprates wcr ofre performed on all IuLs of hzt treated case. The ttrni thod wasas -

azrcscrid k-* Federal Tc.- eb-A. Sdindard 141a, Method 666A. Hosc ever. reported
rsuit of .t pr testing convcred little uoefu data, pri. a: .t to back of ade-

quatec dir-ction needed for maningf|. -valuation of results. To raomtc tc- resultse
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properl3 and to assurd~repr(4ucibiliq in the future, the.1bilowicg guidace is offerc-6

a. Tweniy cartridges arc exposed to 2V ' I sra for 24 hours.I

b. The specirmns shall -be resitioned in the cimamber at Wn angle of 150 from theI1 verticaIl with hllet. ujeriroa-.

c. The -wnieln srace shall Ix- tkasurfacc-ly~ng 600 to either strde of the
vetical. i. e. tl*- uppe 1/ of the ci rcumferece.

di. Tesvier shall not he scred as stated in pnra 3.4.2 ofmethod GOGI ofi

e- Thce imns -JLhe rinlsed .And dri%.d to remlove c(rrosioflprrodicts xnd

st.as-stated si rxr -1. 1 of nw~hod coG!, before emanfation.

f. Aftt r Isiaraitci tor eamniratst.n, s 5iican surffaccs of the cartri.dge sh211
sitow no sior-s of corrosion, ptin-, 6r rusting. how-Aever, r~st within I tjS'-of 2q~3
edgies, or on :xny surface not, requirin: coating slailt-e permt teWd.

Via,nsp~cL - 11Ot - T1his ss,*cL-4 is smurni-r to the l4 vi.-al-inspect. operation
precdn iLnh &~ ALh &. Spciiuin. but-h-formn- and w'atn !ctsc are

culled out. some typis or eiects bi-oute more xfcaddil l vizSzbe 2t h.s cjx-ration, due
to the increased reflectigitv of-the-case surfae.

It wa found difficult to dietet folds, dlrxx scratiches, dents, and ui rinkics- with sizjApL

&~feet% i!$ ivcrcnascd with-ttw- usc of stvJ -- it thass becomes partieularl% important
"hat ali of the-se defec-tavc. hc rcinov d. It is important thant inspectors be-trained in
adininct to raxogms4ne ind .-.Llaratc; cam_!z coniainian, %:ven the slig~ltst, defects, that
lgtit4nWbc sfficnta.nd ML gi~.sb of adeijuatc bizc and power. Paddle hoppers

of inspection mnachines and all other nmachanes throug h % hich varn~shed cases pass
should he kept as clean ab pssible, it %&~as nocod thaL inspection-machine paddle hoppe;:Z
which contained a build up of dust and nona.!herent zinc phosphate from the inspection

oprtinprcdigquench harden, severel3 scratched the varnish coating on the

Pie-Primer insertion was 1wrfornmcd using a Waterbur3 FA primer insert.

machine iewritical to that, ui-,ed Aor the ,.ent and deburr operation, with the % ent and
dcburr- stations remocved. The two no-vent detect stations %erc used at both the vent
and deburr. and prime ocit rationas, wbile these :stations % r4 not entir e,% necesbar% 'at j
this itage uv 1 .ruccssing, thq% %tre included-to eliminate the possibikxt3 of occurrence
of this scrious- defect. In the ei'ent thatt thec Derbyshire venting machine, inot having
ni-vent, detect, stations ius issed, these stations must -be Operational at priming.
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At-the priming operatio.. (ussig the Wateriury Farrel vent-and--burr press), the
following funetions are performc -

a. No-case detect - an automatic knocioff device is actuated when a case is omitted,
Stopping tho macine- V

b. Spfead mouth - the mouth and neck of the case arc :straightenedto facilitte V
ballet insertion.-

c. No-vent d-tect No. I and,2 - an automatic knoekoff device is actuated:when za
missing venthole or-fareign matter is d ct.aed in the pocket at either of these two
Stalioas, -

d. Insett and seat prinmr -:the primer, fed in by a conveyor, is raserted into the
case to the prop e depth.

e. Inverted and no-primer-defect - in case of an inverted or missing primer, an
escapenfirt -is autorAnataeliy opened U, -allow the case to drop nto a. reject container.

f. Crimp - the nital.;Maninediatce- surrounding ihe primer is circularly crimped
ta retaintthe primer-in the pocket.

g. Waterproof mouth and primer - terproofing cOmpound is applied to the case
mouth by means of a plunger, and to the space between the primer nd the pocket.
Before cartridge assembly, the mouth waterproofing.shouid be allowed to dr for a
period of not less that two hours, nor greater than two days. This time limit was
imposed as a result of vacuum tests -which indicated a high incidence of waterproofing
failfi-es caused'by insufficient or excessive drying periods.

PROOF TS TiNG

Simulate lacceptar c testing was pcrfori d on all lots of- cartridges produced under
TMP 305. Selected tests were performed on TMP 301 lots-4, -,A, and 6D. Testing
was performed according to AMCR 715-505 "Ammunition Ballistic Acceptance Test
Methods, Vol 3: Test Proledures for 7.62MM Cartridges" dated Feb 64-. Specifica-
tions MiL- C-16281C (MU), dated I May 65, and MIL-C-46931B (MUj), dated'1 May 65
were used for evaluation of tracer and ball ammunition, respectively.

Briefly, the acceptance tests fired and the rcquixements of-the tests are as follows: j
Accuracy - mean radii of 90 cartridges fired at ambient temperature and at 600-

yard range shall not execed :i. 0 inehc. for ball ammunition packed in cartons or clips,
.7.5 inches for ball ammunition packed in links, tr 15. 0 inches for tracer ammunition.
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Velocity - average velocity of 20 cartridges coiitioied at 68o 720 F, s1l be
27-50- 0 fps. Average velocity of 20-catridges subjected to high-or low tempera-
tures shall net vary from the averagevelocity of the same !ot-coindtioned at 660 -
720 -Fi more thlav*250 fps, nor morethan -150fps.

Ch.amber Pressburi - average chamber presiure of 20 cartridges conditioned at

65° - 720 F. shal ,iit exced 50, MOflpsi. Average chamber pressure of 20 cartridges

subLjcved to high oi low tempurnture.% shall, not exceed55.000 psi. .nor exceed the
avcragc chaimber pi-tesure of the sanie lot~condiuoned at GSO - 720 F,_ by more than,
'7,500 psi. nor nwrethhfi -15. 000 ps.

Port Pres -sure - .verage portpre.n.-urc of 20 cartrdges-conditioned at- fO - 720 F,
shtall im. 12,00 I 2, MY pII.

Action Tatize av-t-agvuction tir., f50 cartridges fired at 70t - 20 F, shall not-
eXceed 4niicl:.e3g~ks.

- -4. of a-sample of 200 traeL-r cartrd ges fired at ambient temperature
musL function according to sptcifieaticrn. -L

Vacuum - 50 .rrdges arc ,mmmrsed in watcr in a container which -is eacuatedjtv7-1/2 psi below atmospheric pressure. -Data given inhtable V lists the number of
S ktintwg car.ridgei u,[ a bample of 50, in the event-that a- re-test was performed, the
tna4 e lists the- number of leaking cartridges of a sample of 100.

namllet Pull - the force r'qui red to extract the bullet from the case shall not be
Mles- than Gnpunfds. Averages listed are for 10 cartridges.

Function alr Casualty - quantities if cartridg-us fired in each weapon, at each
tempeeature, are-listed hclom':

j _ _

Weapon -70 -125 4160 -65 f

6 300 50 50 100
M52 50 50 100

j M]4 120 40 40 80
3 V:t20 40 40 80

SitAR 120 40 40 80
ILIAI 120 40 4 80

M7: 100 50 50 -100

Firing in the M7:1 mat nanigan i., not i.quiruud 1)3 .,pecification and was ptrformed for
information only.

Permissible quantities of the defccts shown in the tables are as foliowvs.
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or ;wcrinnce 614tairnt. and -sugcbtins -for actsa1y zodificatiem, to the procebs
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ccooneially feasible.
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4 25,600 Ciqged 'rre6 Ist co;-1 -Hepr1zi siiwel
ffardstss after I-. a=urei1 59-62 B

1WU lmewni 1-2 15 flot, da neas~red a. 0. -237"
Deburrirg Venclh rrH SG37 -tsed 2z 1L21 i'er-z 2=d ee=r.
Phosptate ccat odr]L zil 1. ~popz~ cdna 2nd 1tbrite.
Wlinera dal used at 1. 24 t2itr 2--gA~ 1. 35 re'"ir =6d replg
L-17 peoohate -eodt and lubwtcate- --,,d !_ 33 n-an3d neck 2nneal

A rnate Co1n eo-%A72M1 IZ Ierin 1. 24 *aper and p.azi'
retaper and replug,.

1. 27 wasb. rust prevrent~ive rirse. and dry elikninazed.

cevtrifuge-rime 2 1/2 min. varnishiiiscosity 2S3 see Zahn No. 2
cup. Cure1 4000F f~ or 30 nn~n.

4a 2,59)0 Taken from 2.5, 000-piece. 101t4
1. 30 temper at S5 0 F
Case casualties in function and casualty testing.

5 20.000 Cuipped from 2d-coil of Republic steel .
Suspended during processing of lot Ga - di.

r, 19;000 Divisdcd into lots ria to Ud.
7 ~Cupixed from 3d coil of Republic steel

Ga 2.000 Taken rom 19, 000-piece, lo't-6..
Intended, for processing same ais lot 4a. until poor results wvere
encouintered in proof testing. Xot~processed.

6;I) 2-.000 Entire head turned -piep.e annealed at 13400-F, in lieu of body anneal.
Suspended in favor of o--6d process.

*Numbers refer to operAtiofls ii, TMI' :01, Appendix D
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___ Process CUsed

00 2.. zX -ssed as .lo bsa wk4c4 22- bood- a=W.a and 1. V- phoplae coat.
G a ve sau sfie wry re it s i p ro o' te t :g -23.. u1b grimu ofa Ru~ i t- VmpoeOazter oL i
c2ted -vmess.

~. 25. ow -Ctvpd rom Si. c i Tk-cd~z ±1e. SL4p aft ii~i

c2ted .ucss

Uarderned and~ Secren-,r pzior its Oh-k-l dci.&.,
DI ~~Swsenkd after io4 ir irxhct:!t sccess.

C46.JPO~kd O5-.P fraft 14 4 4 !0 ~. e xcsre wats

GO e~.
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Summxrary of Cartridge~~t

Lt -Dai~e Accepted

77.720 Tracer 31-Oct 197
FAX-51105 h Siso Bill 7 Nov 67

FAV~310 ~ 7 (HfPal 16Nv .67
1PAX-S3107 93.400 Ball 17Noiv 67

FA-SG1 -1. 160 IW1 5-DE-C 67
F'-S 31 53.000 ]WI 22 Jan 68
FAX -!S: 114 9i.260 1j3ll 31 jan-6S
VAX -S31 15 125..440, Ball S Feb GS

1~A-S~l6Tracer 8 Feb GS
FAXS3io10.200 Tracer 25 Apr 6S

TAX-S312S 113.160 jwiI 16 ~;vk. 65

FunciountI CartrfilgKeots

F.AXL-S- 310 US16O 31(?5 fa 65.280
3104 Tracer 16- 320

1AXL -S-, 309 -108. 800 310 B311 -61i040
3104 Tiacer ;21, 760-

FAXLI,-S- 3110 -99.200 310T Bill 79 3-60
.3104 Tracer 19,840

FA L - 3112- 40.800 :3ii1 Bali 2,4

3'104 TrAcear S,160

FA!.-~31-17 1:40 1113 Ball 14.720
3~104 1Vracer 3,680

FX.-S- -;M8 12 1.Goo 3 I14 Btall, 97.-2S0
:3116"frader 24,320

r 61
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APPENDLK D

FRANKFOR D ARSEAL

SMALL CALIBER ENGINEERING DIREIMTOIATE
LNGINEERING DIVISION ThMP 301-7.62=z

Project Engineer: Walter Weis, U2200, Ext. 4235 _

Project Coordinators: P. Bercino, U4100, Ext. 22251
S. White, U4100, Eyt. 222!

Subject: Case, Cartridge, Steel, 7.62= FATIE4,
Establish Manufacturing Process

Requirements and Instructions:

Industrial Services Directorate, X1O00

1. Purchase sufficient steel strip (phosphate coated and lubricated

preferred) in accordance with Specification MIL-S-645 having a carbon con-

tent of 0.22 to 0.28 percent and a thickness of 0.150" / 0.006" to produce

150,000 cups. Process tha cups in 25,000 lot samples when requested by

Project Coordinators through the following sequence of operations, using the

tools, inspection limits, hardness controls and solutions listed. Identify

each sample lot in sequence beginning with T No. 301-7.62mm, Lo 1.
Strip width 5.125 / 0.010.

1.I Blank & Cup

Press: crank, vertical, double action - Bliss No. 6

Tools: Blanking punch SKFSA 11205 Rev. A
Cupping punch SKFSA 11206

Blank & cup die SKFSA 11207 Rev. B
Stripper SKFSA 11208

Stripper spring PT-1006

Cages & limits: SKFSA 9863 - outside diam. - 0.694-0.700

SKFSA 9864 - base thick. - 0.150-0.156

SKFSA 9865 - wall thick. 0.180 from inside
base -0.107-0.117

wall thick. var. 0.180 from
inside base-0.004 max.

wall height var.-0.035 max.
weight-194 grs. (approx.)

Solution: 1 1/2 parts water to I part Lubro -144 or
4 parts water to I part Warco #1673

Hardness: 1/16" from inside base-RB 80 to 86

72



1.2 Wash

Barrel: matal, rotary, inclinable, Baird.
Solution: fot water, 4 cups zri-sodiu= pnosphate: wa-h

for V/2 hour; Rust preventive: prassiu=
dichr-irate added to final rise.

1.3 Annea,

Furnace: Lindberg, atmosphere controllec-
F ardness: 1116" from inside base - RB 48-33

14. Phospha:e coat & lubricate

Machine: Rns tic unit

1-5 First Draw

Press: crank, vertical, duplex - Bliss Io. 62
Tools: Punch Pr 1291

Guide ring FB 52210

Top die PTIC 1982
Bortom die PTC 1983
Stripper PT L294-A
Stripper holder PT 1005
Stripper spring PT 10G6

Gages & Limits: SK-FSA 9866 - outside diaz. 0.595-0.600
FB 36261 - base thick. 0.15G-0.158

SUMSA 9867 -wall thick.
0.500 from inside base 0.058-0.062
-aall thick. var.
0.500 from inside base 0.004 max.

Soluticn: 4 par.- waL.:r to I part Warco #1673
Hardness: 1/16" from inside base - RB 80 to 86

1.6 Wash, Rust Preventive Rinse & Dry

Washer: Niagara
Solution: 9.5 lbs. of Pennsalt to 200 gals. of water
Rust Preventivc: 3 oz. of potassium dichromate added to rinse

water
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1.7 Anneal:

Furnace: Lindberg, atmosphere controlled

Hardness: 1/16" from inside base RB 48 to 55

1.8 Phosphate Coat & Lubricate

Machine: Ransomatia Unit

1.9 Second Draw

Press: crank, vertical, single action - Bliss No. 304
" Tools: Punch PT 1901

Guide ring FB 52211
-os Top die PTC 1902Lub. ring SKFSA 10768

SBottom die PTC 121A

jStripper PT 1003D
Stripper holder PT 1005B
Stripper spring PT 1.006

Cages & Limits:

FB 36052 - outside diam. 0.516-0.519
SKFSA 9873 - base thick. 0.155-0.165
SKFSA 9874 - wall thick.

1/4" from inside base 0.039-0.045
wall thick. var.
1/4!' from inside base 0.005 max.
wall thick.
1 1/8" from inside base 0.020-0.025
wall thick. var.
1 1/8 from inside base 0.003 max.

Solution: 4 parts water to 1 part Warco #1673
Hardness: 1/16" from inside base RB 81 to 86

1.10 Wash, Rust Preventive Rinse & Dry

Washer: Niagara
Solution: 9.5 lbs. of Pennsalt #30 to 200 gals. of water
Rust Preventive: 3 oz. of potassium dichromate added to rinse

water

l.ii Anneal

Furnace: Lindberg, atmosphere controlled
Hardness: 1/16" from inside base RF, 48 to 55
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L.12 Pi'osphate Coat & Lubricate

Machine: Ransomatic unit

1.13 Third Draw

Press: crank, vertical, single action - Bliss No. 304
Tools: Punch FB 52212

Guide ring SKFSA 10770
Top die PTC 131A
Bottom die PTC 132B
Stripper PT 1004E
Stripper holder PT 1005B
Stripper spring PT 1006

Gages & Limits:
FB 17480 - outside diam. 0.463v-0.4642
FB 22303 - base thick.
FB 23471 - wall thick.

1/4!' from inside base 0.035-0.042

wall thick. var.
1/4" from inside base 0.006 max.

FB 23471 - wall thick.
1.70 from inside base 0.0095-0.0125
wall thick. var.
1.70 from inside base 0.002 max.Solution: 4 parts water to I part Warco #1673

Hardness: 1/16" from inside base RB 73 to 79

1.14 Wash, Rust Preventive Rinse & Dry

Washer: Niagara
Solution: 9.5 lbs. of Pennsalt #30 to 200 gals. of water
Rust Preventive: 3 oz. potassium dichromate added to rinse water

1.15 Trim:

Machine: horizontal, single spindle
Tools: Cutter PT 126A

Spindle PT 1904
Sleeve PT 1907
Stripper ring PT 138
Nut PT 1906
Burring cutter PT 1905
Spring PT 1971

Gages & Limits:
SKFSA 9871 - inside length 1.840-1.860

5J
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1.16 Sort

Inspection Belt

1.17 Phosphate Coat &. Lubricate

Machine - Ransomatic unit

1.18 Head

Press: horizontal toggle & crank
Tools: Die PT 146E

Eject stem PT 142C
Punch (1 pc.) PT 1038J (Modify pilot to size shown .ISKPSA 11277)
Punch (2 pc.) SKFSA 11277
Punch holder SKFSA 11276

Gages & Limits:
FB 22321 - outside diam. 0.4645-0.4670
SKFSA 9869 - pocket diam. 0.2077-0.2082

*FB 22323 - pocket depth 0.1265-0.1305
FB 22303 - web thickness 0.052-0.062
FB 23482 - pocket concentricity 0.003 max,
FB 23380 - head crookedness 0.004 max.

l119 Wash, Rust Preventive Rinse & Dry

Washer: Niagara
Solution: 9.5 lbs. of Pennsait #30 to 200 gals. of water
Rust Preventive: 3 oz. potassium dichrmate added to rinse water

1.20 Head Turn

Machine: horizontal single spindle
Tools: Collet PT 1008B

Spring PT 1009
Form tool FB 52213

Gages & limits:
FC 2884 - head diam. 0.467-0.471
FC 2927 - head thick. 0.048-0.053
FC 2884 - ext. groove diam. 0.403-0.407

76
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Sze= F3 36'-16

solaer P7 17E&
CLamp PT 21Z4

st~ 773
DL-Xet Rim Ft" 178

2=1 No- I; eet - same2 st Mo. rem B

9SA SS&S - dl=- off ve= h~e O.7-.G8

Nez 6geratIcm =natans =mtcea 2BcT& =ae w be ased 1;::e =o
piece b~a-= 2=~' is =a at beadir- o-earicE. if o=*

pfeev iedn7=KM s =:1i-ued, the tkz-bysBfr-e vetn
=CrN; e sll be us6 Irols for this cperatic= to be es=~-

M-keime: &as p-referred - reqclrej &evelcomers
fr £ e"-cztf in~1 s I!)

Bar-nss: Maezxell 157 (semctiazed case)

Adls~zce frem M=C ha.rdmess

1/8" 79-S3
112" 79-83
3/4" 79-S3
7/6" 59 =in

1.23 Egosp:-race Coat & Uibricate

M2Chixnez Raz=sctic Vir:



1.24 Tapey- & Plug

Press: vertical, double action, crank - Bliss No. 162
Tools: Mouth ironing punch T 7342

Mouth ironing die PT 1000
Mouth ironing spring PT 1012
Shoulder di& PTC 1921A
Body die PTC 1989
Eject stem PT 1918
Plug punch PT 159A

Gages & Limits:
FB 23520 - profile of body
SKFSA 9870 - mouth diam. 0.3078-0.3085
T-B 23522 - length, head to shoulder 1.6295-1.6325
FB 23460 - neck diam. 0.3413-0.3433

Lubricant: lard oil (if necessary)

1.25 Wash, Rust Preventive Wash & Dry

Washer: Niagara
Solution: 9.5 lbs. of Pennsalt #30 to 200 gals. of water
Rust Preventive: 3 oz. of potassiu'm dichromate added to rinse

water

1.26 Finish Trim

Machine: vertical, single spindle
Tools: CurtEaL PFC 1OOB

Cutter holder PT 10lB
Support Cover PT 1011B
Retainer Seat PT 1923
Case Support T 7242
Cutter Clamp PT 1015A

Gages & Limits:
FB 23526 - total length 2.0003-2.0093

1.27 Wash, Rust Preventive Rinse & Dry

Washer- Niagara
Solution: 9.5 lbs. of Pennsalr #30 to 200 gals. of water
Rust Preventive: 3 oz. of potassium dichromate added to rinse

wa ter
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1.28 Harden

Machine: Westinghouse induction unit
Hardness: 1/16 above extractor groove - 42-50

Temperature: 1650°F i 10OF
Quench Solution: Caustic Soda 6% A 0.5%

Quench Solution Temp: 60OF _ 5°F

1.29 Same as Operation #1.27 !

1.30 Temper

.urnace: Lindberg electric recirculating air

Temperature: 800°F A 10°F for 75 minutes
Hardness: 1/16 above extractor groove - RC 22 to 28

1.31 Pickle & Rinse

Machine: Blakeslee pickling unit

1.32 Wash, Rush Preventive Rinse & Dry

Washer: Niagara
Solution: 9.5 lbs. of Pennsalt #30 to 200 gals. of water

Rust Preventive: 3 oz. of potassium dichromate added to rinse

water

1.33 Mouth & Neck Anneal

Machine: horizontal straight-line twin screw conveyor, gas

Hardness: Rockwell 15T

Distance from Mouth Hardness

1/8" 82-86
1/4" 88 min

1.34 Wash, Rust Preventive & Dry (If necessary)

79
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1.35 Retaper & keplug J

Press: vertical, double action, crank - Bliss No, 162

Tools: Plugging punch PT 159A
Shoulder die PTC 1990
Body die PTC 1989

Gages & Limits:
SKFSA 9870 - mouth diam. 0.3078-0.3085
FB 23520 - profile of body
FB 25522 - length, head to shoulder 1.6295-1.6325
FB 23460 - neck diam. 0,3413-0.3433

Lubricant: lard oil

1.36 Wash, Rust Preventive Rinse & Dry - Same as #1.32

1.37 Visual Inspect

1.38 Iron Phosphate - to be established and verified

1.39 Varnish - to be established and verified

1.40 Visual inspect

1.41 Prime, Load, Insert Bullet, Gage & Weigh & Inspect -

Same machines as shown in the Operations Control Section per-
taining to Cartridge, Ball, NATO, 7.62mm, M80

2. Furnish gages required to accomplish this project

3. Record the following information:

3.1 number of pieces processed through each operation

3.2 amount of scrap obtained at each operation

3.3 number of pieces processed by each tool

3.4 reason each tool is discarded

80
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3.5 3aoumt and cause *a' dew--iae

3.6 annealing and heat treating daza (timm in eatc- zm, tri im
cooling chamber, re=:perature in each --one, te~er-?z-e ama reg of ccec
solution

3-7 mchise sp-Eeds

4. Uecord and sutc-ft a -.ecor-d of D-C ballet =puU 3 'velctity, pressure*
and. waterproof tests taken at lead!=& cperatin.__

5. %erfor= a har&,ess rest c= five pleces tale-a hczrly fr~ eacl; of.,

inrerdrai, . 2 .nals, the body amnd ==zh ad =eck annals, the twer a=NEal
and qu-enchn hartdem operatons. Subait resmits to project cccxdiatCrs-.[

6. Yeasure fxive pieces fmo= each -a? and &-"g pct a'e3 Bu=, kecnd
and subait results to p-;Roject cccrdixracrs..

7. Measure five piece2 every 30 ndrntes; Z- the =:E= cm~azri-n t=I

a1l subsequerat operations with the excegtion of the za;er znd PBJng and -era~e=
azd replIgm o?erarions,, which shall. be neascred every 15 ndrnes. Rzz=r =2d
subuir mmsurenL.t to project cccr-dirators

S. Submit a capy of the cz.-tridge case 10= Vis=27i ins-eci= befcrc z=-
after varmishima operatfon, the gsge and- weigh anperarfcm and the 1WZ carcrege
vistm! nspecrions to the project codiz61tars. (See: it =m Be ncetsary
to e-ace the speed of the inspection aperations to cb=fm prep e ctci.

9. Perform a measurenm survey (periodic cnBeck') cc a sznp1 QZ7 tenz
cartridge c2aas each ta~cen at the be&1iM1g a04. end Of each dy

10. Perfct-; a weigbz check on sanples of ten cartridgxe casea3 eLch, rmken:
f-ron the 2ne lOOX viscal inspection.. 7be sanples sball 7,e tae= at :be bei-gm
ning and en! of each day.

11. ?erfcm a hardmess check c- saples of ten ca .I-dge cases ezcb, take=
fran te Ist LCO'L visual inspection. 7;.e sanpIes shall- be talke at :Ie beg-
ning and emi of each day. MLIKe readicgs 2t postios gcw- av n ___ing

D10521997. Readings on the head ane on th~e sidmfal fron te bead ;= to and
including 6.a 1.5 inch position shall be read en the 3ck~elU 15M scale.
Positioni 1.,75 sha-Il be read an the Rcimel 157 scale.

12. Perflor i a hardness test On the Strip at tae begi=icS and end ef eacb
Col.-



Sz.?*.Iy ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -a ufcau uctyo altsli,3t,760.N

to acuii tests-.

! S. Siy ak o ificlezz a=rIty of primrs No- 34 to accoM1IL-s r ests.

Is.. S~ply saf _iei t qaricy 94i- Westrn~ Ball propellant to accozqlis20i

16 aMim i~emtity*P o w 4c-va-j ali operaziocs.

17.F~us~a coWXtte -cost brekdwu ~of expemditores to Project b~aineer.

IS. Ebwr q'amties of cart~ridges s-.4cified by 2%roject Cbcrdimators to} -. l~.?*ck carruse~s iuem re~zested ly Project: Zoorfifrtors.

?A. Sectiom car-crid&e cases- as raqzsted by ?ioje ct- Cardi~atCrs.

21. -3tip tool~s fr a ChLM as eacha ooe-raciom is cclaeted z~d store

r22. X-aufactcre -aadiioaal tools as i: sed.

?ir -~Sesearcb Tabraories, LICGO
Nchanical. Nalurgy Rkaac- 26

2 3.- .- r pihotcmcr*ritpbs -of the steel strip zicrecrcture- - J50

2~ ~s~P~o~cr a&s of saples of tIhree ~cpovencs eacb tifieh from~
Cbe 5=terftaw-Meal S a~d badi e*~rm pert-s. 2hotemicko!
grapEhs sicall be taken of the mIddewlir area usirng 750 magnific~arions.

it25. M= a sauiple of five cartridge caszs each for cold shut deter~ina-
ciona. TAke 1phcuicrogzupjhs of then -(100 uagnification).

Tist .and Evaluation ivisicn. Q6600
- Basic Materials Evaluation.Srancb. 16100

-20. ?erfor a wet chemical analysis on a sa~ple of steel cartridg
ca se strip frcu each-coil. -

27; %erfor= hardness deter~idnatious as raquested by Project Coordinators.

82
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Environmental Branch, Q6200

28. Perform a salt spray test utilizing a 5% solution on a,,sample of
five cartridge cases. Method of test shall be in conformance with Federa4l
Test Method Standard No. 151.

29. Perform a salt spray test utilizing a 5% solutiof' on a sample of
five cartridges. Method of test shall be in conformance with Federal Test
Method Standard No. 151.

Small Caliber Engifieering Directorate. U1OO0
Ammunition Engineering Branch, ,X4100

30. Forward samples of steel cartridge case 'strip to Basic'Materials
Evaluaition Branch, Q6100' for a wet chemical analysis.

'31. Forward. samples of- he steel cartridge case strip to Mechanical
Metallurgy Branch, L7200, for photomi'crographs of grain structure.

32. Forvard: three components from each interdraw anneal -and hardening
operation to Mechanical Metallurgy Branch, L7200 for photomicrographs of
grain structure.

33. Forward five finished cases t6 -Mechanical Metallurgy Branch, L7200,
- for cold shut-determihations and photomicrographs. Take from Head Ope'ation.

34. Forward samples of finished cases to' the Basic Materials Evaluation
Branch, Q6100; for hardness determinations. K
35. Forward saples of varnished cartridge cases and cartridges assembled
with .varnished cases to Environmental Branch, Q6200, for salt spray testing.

36. Properly identify all samples as to program number, operation and type of
test to be performed.
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APPENDIX E I
FRANKYORD ARSEML

AMMUNITION DEVELOPiENT. & ENGINEERING IABORATORIES
ENGINEERING DIVISION 'TP-305,-7.62 ,

Project Enginee.r-; Walter WeIs,& J7200, Ekt 4233
Tool & 'Component Design Engineer: Rudolph" Grosakurth, J7200, Ext -194
-ED Technical Administrator: Joseph Charno, J9100: Ext 3241
Process Eigineers: Peter Bertino, 39100, Ext22251

S. White, J910, Ext 22251
Support Engineering 

!

Metalluigy: E. Ddugherty, 34500, Ext 24195
Chemistry: W. Svekla, J4400, -Ext24285 -

Subject: Manufacture of I Million

Case, Cartridge, Steel, 7.;62mm, -I
FATIE4 and Assembly into Cartridges,
m80 & M62 for Engineering and Service I
Tests

Instructions and Requirements:

I. Sufficient steel (46 tons) to produce i million 7.62= steel
-cartridge cases, drawiig No, FB 30544, was ordered from Sharon Steel Co.
in two heats. The first heat (approkimately 45,000 lbs°) heat No. 529328
will be delivered to Frankford irsenal on or about 17 April*1967. This4
steel has a carbon content ,of .267. The second heat will be ppured to supply
the remainder of the order by 15 May 1967. The steel will not be phosphate -

coated. ISD shall process this strip in the following manner using the sequence
of operations, tools, inspection limits, hardness controls, and solutions listed

- below.

-NOTE: It is imperative that the informiation requested throughout this MP
be gathered as required. This information is required, to prepare -

specifications, Technical Data Packages,, manufacturing proceduies,
and a final report at the completion of the program. Therefore, each area
responsible for portions of this TMP shall acknowledge by submitting the
information monthly starting May 1967, to the Project Engineer, Mr.
Walter Weis, Bldg. 219-2.

o

I
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Any discrepancies or changes to this Me shall be- brzht to
the atention of the Project Degineer as soon as noted.

1.,l -laez &Cupf

Press: crank, vertics , oble action - .i-ss A. 6
Tools: B1anking ch, SKS& 11205,,evC .

Cupping n, S &U 11206, Rev C

Blank & 0.4 Die, S16-MA 11207, Rev EI
Stripper, SOUSA 11208 J
Stripe Spring. Pr-1C06
Strippez? Holder, SK S 3682

Gage Uinits: SKFSA 9863 - 0.1). 0.69!-0.700
SUFS& 9864 - Base thick. 0.150-0.156
SVU~S 9365 - tal hick. 0.160 inside:~~ Zs e - 0.107-0.!E7,

: ": ,Base - 0.60 max

Solution: 1-1/2 parts water to 1 par%.Lubro No. 4, 1
Hardness: 1116" fro junctian of base and side%;all}R 8O to 86

1 .2 Wash, Itast, Prevent

Barrel: reral, rotry, inclinable. Bitrd
Solution: -Hot water. 4 cups tri-sodiu= phosphate; wsh ±o- 112

hour; Rust Pievesnive: potassi". dichoeare add d- to
-fial- rinse.

1.3 Anneal,

Furnace: Lindberg, at:osphere contro)1Led
Temperature: 1320Fo
TIMe in furnace: longest time possible (approi 102- nin)
Hardness: 1/16" from junction of base and sidewall

- R 65 max

B
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1.41 hosphate Coac & pbricate

Machine: lRanustic :unit or other appropriate equipent

1.5 First Draw

Fress: crank vertiial duplex Bliss. No. 62
Toois. Lanch P1-1291.

- iide Ring PT-166
Top Die P1C- 1982
-otmDie P-c-1983

Stripper PIT-1294A
Stripper Holder PT-1005
Stripper Spring -PT-1006

.Gage Lints: SKFS& 9866 -- O.D. 0.595-0.600

k F3 36261 - -base thick. 0.150-0.158
SKFSA 9867 -- iiall thick. 0.437 from inside base

0.058-0.062 -f wall thick, var. -0.437 from laside base -

Solution] - 6- lbs indusrial soap chips to 50 gals water. If difficulties

-are encountered revert.o "4 parts-water -to part Warco No.1673"-n-

Har,-d. ss: !16 i" f_=- inside -base .( 80 'to 86i

1.601 Wash, Rust Preventive Rinse & Dry

Vas-ihe6r: llkigaka
Solution:, 7.5 lbs of Pensalt to 200 gals of F. 0
Rust Peventive: 3 oz of porassim 2j R Prvedichromate added -to rinse Water

1.7 Anneal

Furnace: Lindberg, atmosphere controlled
Temperature: 13200F
?ime in Furnace: longest time possible (approx i02 mn)
iiardness: 1116" above junction of base and- sidewall R. 66 max

86
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'1l1.8 Phosphate -Coat,& Lubricate

Machine: Ransomati6 unit or othr -appropriate equipment

1.9 Second Draw: i
Tress: crank, vektical, single action, Bliss No. 304

Tools: Punch PT-1901
'Guide Ring FB 522111i
'Top Die PTC-1902'
Lub Ring SKFSA, 10768
Bottom Die PTC-121A
Stripper PT-1003D
ktripper Holder PT-1'0053'
Strippet Spring PT-100O6 .

Gages & Limits: PB 36052Z- 0.D, 0.516-0.519
SK'SA 9873 4base thick. 06.155-0.165
'S)OPA 9874 - wall thick. 1/4" from inside base

0.039-0.45
wAll thick var. - 1/4" from inside'base- 0.005 max
SKPSA 9875-1 1/8"1 frotft intside base

wallM1 thick -- 0.020-0.025fwall thick var-I 1/8" from inside base 0.003 .max
'Solution1: -6 Ms indu ia 6sa ht o5 gals water. If'it difficdlt~es are encountered, revert to 4 parts ;water

- to 1 part Warco ,No. 1673.
E ardness:. i/16" above junction bf~base and sidewall

RB 81 to 86

1.10' 'Wash, Rush Preventive Rinuei &.Dry

-Washer: Niagara - See 1.6

1'.11 Anneal

Furnace: Lindberg,,atmosphere controlled
Temperature: '13200 F
Time in furnace' longest time possible (approx 102 min*
Hardniess: 1/16" above Junction of base and sidewall

RB 69 max

- - - -87



1.12 Phosphate Coat & Lubricate

Mtachine: Rzinsoiiaric unit or ther a'propritte equipment

1.131 'Third Draw

Press: crank, w'rtica1 single action, Bliss No. 304~
Tools: Punch PT 1:903A,

Guide Ring 'SKFS. 10770 - I~
Top -Die FTC 131A
Bottom Die FTC 132A
Stripper PFT1OO4E
Stripper Holder PT10053
Stripper Spring ?T1006

Gage Limts: B 17480 outside dia. 0).463C0.4642
& F3 22303 base thick. 0.1.65-0.174

FB 23471 wall thic)k. 1/4'! from inside
basge Oi.935-O.042

wall chick, *r.- 1/4' -rem inside
base 0.0066,max

PB 23471 vail thick 1.70'from inside
base 0.0095-Q.0125

wall thick.. var. 1.70' from isd
base. 0.002 max -

Solution:. 6lbs comercial soap chips to 50 ga12 water.
If difficulties are 6ncounteied, revert to 4 parts
water to l part Warco No. 1673.

114 Trdness:- 1/16" aboyei junction- of 'base and- sidewall -1[, ~

Washr: Nagart Se 11.
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-SO 104-6

Soois: 4 kre tr :SimS&106

~S& 6123

Cape&Isas asw ieleg;'a

iboas: Die ?~4 --

caa- &r- 2 I- cottiC -d-i. 0.~6.A7
-x~ peeka a!&. O7@

____ p~ce= 0p .1265-0.15
32230 thick. 6.052-0.E62 --

1.18 tash, Mc M-~~-Ee-IEs & Dy

Waz=sa: See 1. -
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1.9 ead-Turn

kAchifie:. hoizontal :single -spindle
Tools: Collet PT-1008B

Spring PT- 1009
For-M Tool FB 52213 (carbide type C6)

Gages &Limits: FC 2884 -. hedda 67 60 A7 1

PC 2927 -head thick. 0.,048-0.053 O
EC 2884 - exkt groove. -dia. 0.403-0. 071

-1.20 Vent-& Dbidrr

Machine&: WFF Primer Insert
Tools: -Burr

Punch FB 56 637
;Stem, tt_18636B

Puc Holder PT-170B
Punch FB- 36474
Die. Fi'36475
Sten FB 36476

1st.-No Vent Detect,
Holder PT-176A
:Clamp iT-179A
Stem PTr177BI

-Detect Pin PT?-178
2nd -No Venit Detect - Sameds aI tat iNo Vient Detect

Gages &Limits: SKFS&9868 - dia, -of veOnt hole.
0.0078-0.082-

Note: Operation and tools mentioned above~ are. to be jised when two
piece'heading punch igs used at'heading operation.

1.21: Tapeir & Plug

Press: vertical, double action, crank - Bli;ss-No. 162
Tools: Houtirngpnc FA 33875,

Mouth -ironiing die - P7-_1000 i
Viouth ironing spring F7-1012
Shoulder Die SKFSA 6143
Body Die PTC-1989
Eject Stem PT1918 or SKFSA 6142
Plug Punch PL-159A

90
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1.21 Tiper & Plug (6ont'd)

dages & Limitsi. FB 23520 - profile of body
F ~kSA 9870 - mouth dia. 0.3078r0.3085

FE ,23522 - length,, bead, to shoulder 1
1,;6295-1.6325

FB 23460 - neck dia. 0.3413-0.3431~
Lubiicant:. machine oil

1.22- Wash. Rust Preventive Rinse '&Dry

1.23 Finish Trim

Machine: vertical, single spindle
Tools: Cutter FTC 1010B or SkFSA 6148

Cutter Holder PT-1011B or SKFSA 6147*j, f'Sup~port Cover PT-1014 or SKPSA 6149
Retainer S~at PT-1923 or SkFSA 6150
Case- Support FA 33876 or' SKFSA 6149
Cutter Clamp- PT-1015A or SKPSA 6149I-Gages.& Limits: FE' 23526- -total, length 2-.60-2.0093

I1.24 Wash, Rust Preventive Rinse &Dry

jWasher: Niagara (see 1.6)

1.25 Harden (-Temper-within two hours)
Machine: Westinghouse induction unit
Hardness:' 1/16" above extractor groove -RC 42-50
Voltage Setting: To be established
Quench Solution: Caustic Soda 6% 1 0.5%
Quench Solution Temp: 60OF -)- 5'Op

1.26 Wash, Rust Preventive Rinse & Dry

Washer-, Niagara (see 1.6)A
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1.27 'Teopgr (within two hours of Hiarden 1.,25)

Furnace: Linidbeig, electric, xrecirculating air
Tepraue: 80 0  1 0  -fr75 minutes

Hardness:, 1/161" aboVeextractor groove 'RC 22 to 28

1.28, Clean & Rinse

Machine: Blakeslee pickling unit
Cleaning agent to be established-

1.29 -Wash, Rust Preventive. Rinse &Dry

* Witsheiv NS.asara (see- 1.6)

1.30 Retapeir & Replug (if necessary)

Press: vertical,.double action, crank -Bliss_,No. 62
Tools: Plugging Punch PT-159A

Shoulder Die SiPSA 6143'
Body: Die PTC- 1989

G,4gqs & Limits: SKFSA 9870 - mouth dia 0.3078-0.3085
PB 23520 - profile of -body -

* B,25522 - leng-th, head to, shoulder
1.6295-1.6325

FB23460 - ne ck dia*0-13_41-3r0-3433

1.31~J~s,Rinse & Dry (if retaper is necessary

Washer: NiAgara, (see 1.6),

1.32 Visual Inspect

1.33 Iron Phosphate - to be established
Process will be provided at a later date.
Alternate method - Plating Shop Bldg 46-1

1.34 Varnish - to be established

Process' will be provided at a leter date.
Alternate method -Ronci varnishing machine and

curing oven loc'ated in Bldg 39.
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1.35 Visia1 1~specz

!.36 Ptiz~e. Toad. &-l Wie~ii IMSPect

Sm chlzes as sbown. lo~tbe Operatimrs Carro1 _ ecrlcc

Percainin WO Cartridge. 3311. T racer. : M 7_2z azd2.

2. Barmish gages required to acceiplisl tihis project

-3. 3ecord. the following Infozwatim:

3.1 M er of pieces processed zBrooa& em cparatcim.

3.Z Anr of scrap obt~ained at eac opezzatIoe

3.3 M=er -of plices processes; by ema tcei..

3:-'. itasen each- tool Is discardea.

3~5 Akount -and -ciuse -of dwnriaeo.V~ ~4 Perfozz hsbrdness test on five pieces, talk~u1- ~ier

of! the interdrav aneals, the quench bardea ay zexer Gu perai-cns.[ Subuit results to Project E4&i1neer, Mr. W~. Weis.

5. Measure five pieces Eron each cup aiDS drza penc~sa*_ b-et.-cr.
Record ind suhLnizt o Project Ecizeer.

6. vaur five pieces every 30 oftaies f the~ tzri; opezzra
through all subsequent operatioms with the excepticn= of ta per_ &a PIug
and retaper and replug (If neeeed), which !hill. e atasurared eey15
minutes.- Record andi subn'it weasurewnrs to ?ro .eczt Enjimeer.

7. Subuit. COP cOf the cartridge case lOGZ visual Ins~ection.
before and after varnish-ing operation, the gage -and weigh ceai~
and the 100% cartridge visua inspection's to the Project- -Fger_
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S.. %rfc= . a reetsr (Pe-ric~ic cbeck) CM a Sapl:)e Of Een

"Elerfo6-n a w~es~ cbeck ccf ~plecarrridem eases each,.
iake= tae secoe-- ICM wiso-21 i7pcIc -ze samples shall be

taxe C the t=W- -Of each day-.

:0.. Btrfrc= a hzrdzess chieck samples of ten ca-rc-.:e.e cases each
tzken :bem P~fSrst 1NX vis-a1 z:sjectIEn. :Thie san:?es shall be

ake at ze ernA oif !tach &y. Mze rezdirngs a:- psri nsc-.n on
dtasd ;. 0103?17. Skading U be :ate sl2ilar to brass case

msi=- Vicers WS and 2-1/2 K lead. C~ eachu~eek ten cases shall
N- e cIc--& cme-B-alf sectfift== znxe a hoz=dness; tests taken at t~he
s~mue Posiics amrb secciaed sl!eiamll esing V~ickers cr Z-WRan DJ?=
wtaiic a 2-12 d .M

ii1. --'erfomm a khardness test cc th~b a;=rp sc the begi~nir. 2=d end
of eaez ccil- Zse 3=c-el 'e seai--.

12. S=7p'.Y a Sofficie~z: q-Cnriry c&I Boilets1 B.aI1' ,; . 7.62
60fi= BadiL Znd zsse=, 'Uz EC',C BaUx MfSO, :rridges.

13. Sspmy fflafen: qnantfry of BclUecs, Tracer, YNATO, 7. 62=,
S5- for l1adln& znd asswbfrZ Into 2-0,.G Tracer, MEW Carzridges.

RL Szpply a sufficfent qunty off No. 34 prizers for testsan

15. Sn;bply - sz-f.Ifcienz aarift off lesrern= Bal, UC3 peeia
to zaqI;1s7- resn!=& =-A the M~ illien PrCdtCn:q2CLanrity.

16. Nzincra identizy of' woee through all qoeraticous.

17., ?nrc-ishb a ecplece cost breakdc'.jz off expenditures to Pzoject
FLkzg1ree, . We Jis.



18. Forward quantities of cartridges specified by Project Engineer
to Engiveering Proof Testing Laboratories, J9200, when requested.

19. Pack cartridges when requested.

20. Remove tools from machine as each operation is completed and
store properly identified, unless otherwise specified.

2i. Manufacture additional tools, if required.

Pitman Dunn Research Lab. L1000
Mechanical Metallurgy Branch, L7200

22. Furnish photomicrographs of the steel strip microstructure -

750 magnification.

23. Furnish photomicrographs of samples of three components each,
taken from the interdraw anneals, hardening and tempering operations.
Photomicrographs shall be taken of the middle wall area using 750
magnification.

24. Examine a sample of five cartridge cases each for cold shut
determinations. Take photomicrographs (100 magnification).

Test & Evaluation Division Q6000
Basic Materials Evaluation Branch, Q6100

25. Perform a wet chemical analysis on a sample of steel cartridge
case strip from each heat of Sharon Steel.

26. Perform hardness determinations as requested by Project
Engineers.

Environmental Branch, Q6200

27. Perform salt spray test using 5% and 20% solutions on a
sample of five cartridge cases. Method of test shall be in conformance
with Federal Test Method Standard No. 141.
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28. Perform salt spray tests utilizing 5% and 207. solutions on

samples of five cartridges. Method of test shall be in conformance
with Federal Test Method Standard No. 141.

Ammunition Development & Engr Lab, J4000 j
Metallurgical Engr Branch, J4400

29. Forward samples of cartridge case steel strip (Sharon Steel Co)
from both heats of steel to Basic Materials Evaluation Branch, Q6100,
for wet chemical analybis.

30. Forward samples of the cartridge case steel strip (Sharon Steel

Co) from both heats of steel to Mechanical Metallurgical Branch, L7200,
for photomicrographs of grain structure.

31. Forward three components from each interdraw anneal, hardening
and tempering operation to Mechanical Metallurgical Branch, L7200,
for photomicrographs of grain structure.

32. Forward five headed components to Mechanical Met Branch, L7200,
for cold shut determinations and photomicrographs.

33. Provide metallurgical technical assistance where and when required.

Chemical Engr Branch, J4300

34. Forward samples of varnished cartridge cases and cartridges
assembled with varnished cases to Environmental Branch, Q6200, for salt

spray testing.

35. Provide chemical technical assistance where and when required.

Small Caliber P&M Engr Lab, J9000

Ammunition Engr Branch, J9100

36. Forward samples of finished cases to Basic Materials Evaluation

Branch, Q6100, for hardness determinations.

37. Provide technical assistance relative to tooling and process
where and when required.
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VDOCUME4T CONTROL DATA - R V

'a. C'*T gJld CLASWI~CATZO.'

I'rawqdord Arsenal'aGRU
Philadelphia, Rt. 1912:7

20 Af.POXT TITLE

7.112mma Heat 1retl ' .Stteci Cartridge Cast

Philip It. %-arylor

aACOROAt L NO, OF PAGES sT& No. Ors "

a.COftTRACT ORt CAT NO.-8 ORIt&NTOWS REPORT HUMMSERISJ

I N-

S 1 K.NCGAS Code 4blO. 16.!9987. 7. 06. 01_______6003_______

1. b. O7H-.* MC'r!OfT NOIS1 cAWny *ttrAMr *~At BOY ba 4"10-

'MDSROTO.STAT EMENT -id~ Ealut

31. 22. 3 6 ULITARY AGIIVI'r

U.S.rmyMunitions, Command,
JJi Ovei. N. J_

13. ASSTRACT - -

Tndcr the Ct~pper Conservation Prugram, a pirucess was established and pilot facili- I
ties set up at !-rankford Arsenial for the productiopuf a 'neat treated steel case for 7..62mm.

2.cartridges.

Work was based upon a previous at-mt ; )deeo a 7. 62msteeLcase wnicn was
-cpariai~v successful. Small lot.- of cascis wecmrank tactured-intil a satisfactory process was
othtaiflcil. ''liNcC~ thus developed.vasuted lor production of one million ball an& trader

cartldc. wh ich wcre an bni tted~ or- ET/STI.

1'lAc-ptort covurb prto(o(!ss.,Ievelopmpiint, p1:odufs -metallurg. . processinjg methods.
t stilts, rnd quality assuranc(e. I

fl M PLACKS 00 FOR 1,475. %.JAN 4. WMICH isD 0"O' 14 73"OSWLEIT1 FOR ARM4Y USE. ~N L $IID -I

euITyI ASSFE

N Urfy cassiic ton"
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